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COLUMN AND P1iATECOMPRESSIVE STR~GTHS

OF AIRCRAFT STRVCT’UW!!MATERIALS

EXTRUDED 249-T ALUMINUM ALLOY “

By George J. ~eimerl and J. Albert Roy

SUMMARY

Column and plate compressive strengths of extruded
24S-T aluminum alloy were determined both within and
beyond the elastic range from tests of thin-strip columns
and local-instability tests of F-, z-,and channel-section
columns● These tests are part of an extensive research
Investigation to provide data on the structural strength
of VUIOUS aircraft materials. The results are presented
In the form of curves and charts that are suitable for use
In the design and analysis of’aircraft structures.

INTRODUCTION

Column and plate members in an aircraft structure are
the basic elements that fail by instability. For the
design of aircraft of’low wei@t and high structural
efficiency, the strength of these elements must be lmown
for the varicus aircraft materials. An extensive research
program has therefore been under-takenat the Langley
Memorial Aeronautical Laboratory to establish the column
and plate compressive strengths of a number of the alloys
available for use in aircraft structures. Parts of this
investigation already completed for various aluminum
alloys - 2@-T sheet, 1’7S-Tsheet, and extruded 75S-T -
are given in references 1, 2, and 3, respectively.

.
The results of tests to determine the column and

plate compressive strengths of extruded 24S-T aluminum
alloy are presented herein.

.
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SYMB)LS

length of column

radius of gyration

fixfty”coefficlent used in Euler column formula

effective slenderness ratio of thin-strip column

width and thickness, respectively, of flange of
H-, z-, or channel section (see fig. 1)

width and thickness, respectively, of web of H-S
Z-, or channel section (see fig. 1)

corner radius (see flq. 1)

nondimensional coefficient used with ~ and G:J
in plate-buckling :ormula (see figs. 2 and 3
and reference 4.)

modulus of elasticity In compression, taken as
10,7CO ksi for 24s-T aluminum alloy

nondimensional coefficient for columns (The value
or T is so determ~ned that, when the effecUve
modulus ~’c Is substituted for Ec In the
equation for elastic buckling of columns, the
computed critical stress agrees with the
experimentally observed value. The coefficient
T is equal to unity within the elastic range
and decreases with increasing stress beyond
the elastic range.]

nondimensional coefficient fcr compressed plates
corresponding to T for columns

Poisson?s ratio, taken as 0.3 for 2@-T aluminum
alloy

critical compressive stress

average compressive stress at maximum load

compressive yield stress
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METHC’DSOF TqSTING AND ANALYSIS
-.

A1l tests were made In hydraulic testing machines
accurate within three-fourths of 1 percent. The methods
of testing and analysls developed for this research pro-
gram (reference 1] may be briefly summarized as follows:

The compressive stress-strain curves for the extrusions,
which identify the material for correlation with its ail.umn
and plate compressive strengths, were obtained for the with-
grain direction from tests of single-thickness compression
spechens out from the extruded H-section. The tests were
made In a compression fixture of the Montgomery-Templin
type, which provides lateral support to the specimsns
through closely spaced rollers.

The column stren&th and the associated effective
modulus were obtained fo~ the wltk-grain direction by the
use of the method nresented in reference 5, h which thln-
strip columns of the materiel were tested with the ends
clamped in fixtures that prcvide a high degree of end
restraint. The fixtures have been improved and the method
of analysls has been modified since publication of refer-
ence 5. The method now used results in a column curve
representative of nearly perfect column specimens. In
addition, the method now takes Into account the fact that
columns of the dir.ensionstestad are actually plates with
two free edges. These columns were cut from the flanges
of the H-section adjacent to the junction of the web and
flange.

The plate compressive strength was obtained from com-
pression tests of H-, 2-, and channel-section columns so
proportioned as to develop local instability, that is,
instability of the plate elements. (See fig. 4-.) Extruded
H-sections having two different web widths were tested;
the flange widths for each were varied by milling off
porticns of the flanges. The flanges of some of the H-
sectlon extrusions were removed in such a way as to make
Z- or channel sections as desired. The flange widths of
the Z- and channel-section columns were varied In the same
manner as the flange widths for the H-section columns.
The lengths of the columns were selected in accordance
with the principles of reference 6. The columns were “
tested with the flat ends bearing directly against the
testing-machine heads. In these local-instability tests
measurements were taken of the cross-sectioml distortion,

—.—
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and the critical stress was determined as
the point near the top of the knee of the

ARR NCJ. L5F08b

the stress at
stress-distortion

curve at which a marked Increase in distortion first
occurred with small increase in stress.

A departure from the method of analysis presented in
reference 1 is that the inside face dimensions were used
to define bF and b~~vin the evaluation Of O~r/~ W
means of the e~~ations and curves of figures 2 and.3.
This definition of bw and bn for extruded sections “
with small fillets wa~ previously ussd in reference 3 in
order that the ti~eoreticaland experimental buckling
stresses would a~ee within the elastic range. Fcr formed
Z- and channel sections with an inside band radius of
three times the sheet thickness (refeilencssland 2], b~
and blV were defined as center-line widths with square
corners assluned.

RESULTS All 121SClXSIOK

Compressive Stress-Strain Curves

Compressive stress-st~ain ourves for extruded 24S-T
aluminum alloy, which were selected as typical or average
curves for the column material, are given in figure 5.
These curves were obtained from tests of compression
specimens cut from the flanges of the extrusions adjacent
to the juntiionof the web-d-flanges as shown in figure 5.

In order to study the variation of the .compressive
properties over the cross-sections, surveys were made of
the extrusion by tests of compression specimens cut from
the web and flmgea. of the H-se_oUons. A typical variation
of the compressive yield stress =Cy ove~ tliecross
section is shown in figure 6. Values of u at the outer
part-of the flanges are generally.higher th% those for the
inner part of the flanges; the lowest values of =Cy were
found in the wab in all casas. The strass-strain curves
of figure 5, representative Qf the material in the flanga
adjacent to the web, therefere usually show conservative
values of Uc

{
for the flan.gaand unconservative values

Of “Uq. for he web.

The columns to which.s particular-stress-strain-curve
applias are indicated in table 1 together with the value
of the compressive yield stress for that stress-strain

. .
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curve ● These values of uc for the
average about 50 kal. The ?&dulus of
presslon was taken as 10,700 -ksi,‘the
value for 2@-T aluminum alloy.

Column and Plate Compressive

with-grain direction
elasticity in eom-
present amepted

Strengths

Because the compressive properties of an extruded
aluminum alloy may vary considerably, the data and charts
of this report should not be used for design purposes for
extrusions of 249-T aluminum alloy that have appreciably
different compressive properties from those obtained In
these tests, unless a suitable method is devised for
adjusting test results to acoount for variations in .
material properties. The results of the column and local-
Instability tests for extruded 249-T aluminum alloy are
summarized herein; a dlsousslon of the basic relationships
1s given in reference 1.

Column strength.- The column curve of figure 7 shows
“the results of the thin-strip.calumn tests for the with-
grain direction. The reduction In the effective modulus
of elasticity 7EC with inorease In column stress 1s

“ indicated by the variation of 7 with stress sho~ in
figure 8.

Plate compressive stren@h.=.-The results of the local-
.instabllity tests of the H-, Z-, and channel+ectlon
columns used to determine the late compressive strength
are given in tables 2, 3, and t, respectively. The plate-
buc~ing curves, analogous to the column-curveof figure 7,
are shown in figure 9. Theweduction of the effective
modulus of elasticity T&c with increase in stress for
compressed plates Is..tidicatedby “thevariation of q “
with “stress,-whleh Ie shown along with the curve for ?
-in figure 8. The crossing of the T-Iand q-ourves shown
in figure 8 occurs.becauae...theH-, Z-, and charnel-section
columns used to obtain the q-curves apparently had an
“appreciable degree of imperfection, which resulted In the “
deviation of the ~ves from unity at a lower stress
than that at which the ‘r+urve, representative of nearly
~erfeot columns, Uverges from unity.

Thev=iation of the actual critical stress ‘cr
“with the theoretical eritlcal..stress ucr/q computed for
elastic buckling by means of the formula and charts of
figures 2 and 3 is shown in figure 10.

.
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In order to illustrate the difference between the
critical stress acr and the average stress at maximum
load 6-, the varlatlon of Ocr with _Ocr@= is
shown in figure 11. Because values of om~ may be
required in strength calculations, the variation of 6-
With Ocr/~ is shown in figure 12.

Figures 9 to 12 show that the data for H-sections
described curves different from those indicated for Z- and
channel sections. One of the reasons why higher values of
‘~ were obtained for H-ssctions than for Z- or channel
sections for a given value of ‘cr/T (fig. 12] may be the
fact that the high-strength material in the flanges (fig.6)
forms a hi&@er percentage of the total cross-sectional
area for the H-secti~n than for the Z-
For the H-section,

or channel section.
~= is increased over the value for

the Z- or charnel section mrer the entire stress rimge
covered in these tests (fig. 12); ~cr for the H-section,
however, is increased only for stresses beyond the elastic
range (fig. 10).

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.



..— —.-

N4CA ARR NO. K.5F08b REFERENCES 7

1.

->. ..

2.

3=

4*

59

6.

Lundqulst, Eugene E., Schuette, Evan H., Heimerl,
George J., and Roy, J. Albert: Column and Plate

‘--‘CompressiveStrengths of Aircraft Structural
Materials. 24.S-TAluminum-Alloy Sheat.
NACA ARR NO. L5F01, 19)!5. .

Eel-marl,George J.,and Roy, J. Albert: Column and
Plate Compressive Strengths of Aircraft Structural
Materials. 17S-T Aluminum-Alloy Sheet.
NACA ~ NO. L5F06, 1945.

Heimerl, George J., and Roy, J. Albert: Column and
Plate Compressive Strengths of Aircraft Structural
Materials. Extruded 75S-T Aluminum Alloy.
NACA ARR No. L5F08a, 1945.

Kroll, W. D., Fisher, Gordon ?., and Heimerl, George J.:
Charts for Calculation of the Critical Stress for
Local Instability of Columns with I-, Z-, Channel,
and Rectangular-Tube Section. NACA ARR ~~o~3~4,
1943●

Lu.ndquist,Eugene E., Rossman, Carl A., and Houbolt,
John C.: A Method for Determining the ColumriCurve
from Tests of Columns with Equal Restraints against
Rotation on the ‘reds. NACA TN No. 903, 1943.

Heimerl, George J., and Roy, J. Albert: Determination
of Desirable Lengths of 2- and Channel-Section
Columns for Local-Instability Tests. NACA RB
No. L!+H1!3,15U.



-—-—. ..__ . . . —— .

8

COMPRESSIVE PR@PqTZIXS

NACA ARR NO. L5F08b

TA~E 1

OF EXTRUDED X-T ALUMINUM ALLOY
.

I

L Ec = 10,700 ksi!

~::ii!
Type I(fig.5)

1

Compressive yield
stress, ucy .

(ksi)

Thin strip

H

H

I-I

H

z

z

z

z

z

Channe1

Channel

Channel

Channel

All 1A
I

5a, 5b,6% 6b,6c~7a, I B
7b, 7c, 8a, pa, 9b

I
2b, 3a

I
c

la, lb, Ic, 2a, 2c, D
3b, 3c, 4a, 4b

8b I E
I

8 1
IB

;& b, b, kc, 5a, I c
!

1, 2a, 2b, 2C i DI

9a, 9b, 10a, 10b, ~ E
10C ii“

!6a, 6b, 6c, 7a, 7b, I F
7C i

la, lb, 2a, 2b I D

I8a, ~b, ~c, 9a, 9b, E
9c, 10a, 10b, 10c

I6a, 6b, 6c, 7a, 7b, F
7C

50.9

52.1

46.1

47.0

52.5

52.1

46.1

47.0

52:5

51.6

46.1

1+7.o

52.5

51.6

—-—
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TABLE 2.- DIMENSIONSOF COLUMNS AND TEST RESULTS.

FOR EXTRUDED24S-T i5-SECTIONS

‘cr
-+i-
:ksi)
(a)

:Olumn ‘F
[in.) ry 12(1-p2)

;W kW

50.5
30.
~o. 2
33,2
33.2
33.2
35.3
3593
“8;;●

39.9
40.4
40.1
~;.;

$J:~

55:4
$!

72:2
71.6

~

0.614
.610
.610
.677
.673
.677
.727
.727

:Gz
.827

.395
●395
.Oc
!4
;2::
.60<
.60:
;7;:

i!.1
,81[

%/
?ig.2)

&m,

(ksi

%
~

).960
.965
.965
.966
.963
y:

.968

.968

.965

.963

.969

.967

.96

.96?
●967
3:4

J
.95C

f?
.95
.9-i

bw
(in.)

1.61
1.62
1.62
1.61
1.62
1.61
1.61
1.61
1.61
1.61
1,62

2.76
2.76
2.76
2.76
2.75
2.76
2.7
2.7i
2.7
k2.7

2.74
2.74

bF
[In.)

0,99
●99
.99
1.09
1.09
1.09
1.17
1.17

M
1.34

1.10
1.09
:.;;

1:39
1.67
1.67
1.67
1.97
1.9
2.2t
2.24

(i:.)

;.9:

i
?:1
.76

M
9.51
9.66
9.66
10.85
10.85

11.49
11.52
14.39
;$39

●

15.il?l
15.49

k
15,7
M; 4

17.3Z
17.84

2.128
.128
.128
.128
.129
.128
.12
.128
.128
,128
.129

.120

.120
,120
.120
.120
.119
.119
.119
.119
.120
.120
.121

2.00
2.01
2.01
1.67
1.69
1.6
1.4i
1.47
1.4
1.1z
1.17

3.9
.8
;.J;

2:72
2.0
2.01
1.99
1.51
1.56
1*2O
1.22

).12
.12t
.124

:a
.124
.124
.124
.124
.124
.124

.116

.116

.116

.116

.115

.115

.11

.112

.114

.115

.115

.115

a
>= k@2Ec $2 , where Ec = 10,700 ksi and ~ = 0.3.

Q 12(1-p2)#

NATIONALADVISORY

COMMITTEEFOR AERONAUTICS
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TABLE 3.- DIMENSIONSOF COLUMNS AND TEST RESULTS

h
(h.)

o:;:$

.123

:;;2
.126
.121+
:::5

.12?

::;$

.11

.11z

.11

.11?

.11

.11t

.116
,11
.11z
.116

%
(in.)

0.128
.128
.128
.128
.151
.130
.129
.129
.129
.129

.121

.118

.121
●121
al

.119
●120
.119
.123
.122
.121

b
w

(in.)

1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.62
1.61

2.75
2.7

z2.7
2.75
2.7

t?
;:;6
2.76
2.76
2.7
2.7.?
2.76

bF

(in.)

0.98
1.00
1.00
1.01
1.0
1.18
1.18

M
1.35

1.09
1.10
1.11

t
1. 8
1.0
1.3
1.68
1,96
1.96
2.25
2.25
2.25

FOR EXTRUDED 24S-T Z-SECTIONS

L
(in.)

6.11

MJ

z
6:;;
6.95
6. 9
i7. 6

7.52

g:aJ

i:;~
11.99
11.
L6.Zii
16.48
16.48
17.78
1.7.75
17.59

‘w
~

):;@~

.959

.99
z.95

.966

.963

.970

.9
●9z{

:;if+

:;!$
.972
.948
.95
z.95

;;;2

.95z

.959

b
w

~

13.09
13.15
13.16
13.17
12.83
12.86
13.03
12.93
12.92
12.92

24.oJ.I
24.01
2 .90
t2 .10

{
2 .95
2 .1;
24.21
23.83
23.81
23.51
23.2

223. 9

%?
b;

).602
.615
.615

:%
.728
.728

:E;
.839

?
96

: 00
.405
;;:2

.0
z
z

. 09
●710

8
. 10
; 18
.815
.815

%

i-lg.3]

2.31
2.24
2.24
2.20
1.92
1.68
1.6
1.6i
1.33
1.31

3*5
.8
;.9:

Z:;l

R i?
1.75
1*73
1.38
1*39
1.38

u
cr

T-
ksi)
(a)

.30.4

.25.3

.25.I

.22
“1.12.

97.6
95.1
;;.:

75:9

66.1
; .:
t

t~
1:1
9.

;;;6
29.8
2 .5
t2 .1
23.9
23.7

Ucr

(ksi)

55.2

1?
5 ●o
;be~
52:8
50.1
5;.;

z
42:?

45.5
kz:;

!&

‘i
3 :6
2 .2
28.0
24.0
23.3
22.5

5’=

(ksi)

58.1

i
5 .0
5 .456.5
53.9
51.,9
53.1

z
2.6

4;:?

t?::

i$~

$;:?

t
3 :0
3 .8
34.
33*k
33.1

NATIONALADVISORY

COMMITTEEFORAERONAUTICS



TATZE 4.- DIMENSIONSOF COLUMNS AND TEST RESULTS

‘w
(in.)

FOR EXTRUDED 2b.S-TCHANNELSECTIONS

-&lax

(ksl)
‘F

(in.)

h
(In.)

1.61
1.61
1.61
1.60
1.65
1.61
1.61
1.61
1.60
1.61
1.61
1.62
1.61
1.61
1.61
1.62
1.60

2.7
J?2.7

2.75
2.T6
2.74
2.75
2.76
2.76
2.76
2.7

z
$:76
2.76
2,76
2.76

L

(in.)

6.10

2:;:
6.48

P;
6.t16
7.00
7.00

2:$

t:z !
7.00
7.48
7.41
7.47

10.00
10.00
10.00
12.03
12.02
12.06
15.46
15.44

2
1 .47
1 ●30
16.30
16.30
17.80
17.85
17.80

%
fig. 3)

2.2
2.2 7
2.25
2.20
1.91
1.90
1.90
1.90
1.66
1.67
1.67
1.6
1.6 E
1.65
1.3
1.3 ?
I .29

;:!8
3.9 1?
~.oo
2.9
2.9 ?J
2.10
2.10
2.10
1.57
1.54
;.35

“i1.2
1.27

Colunll’1 %
bw

z
o.

3.12
.12 ?
.123
.123
.125
.125

i
.12
.12
.124
.125
.125
.12
.12 ?
.125
.12
.12 ;
.124

.11

.11 1?

.114

.114

.11

.11 1

.125

.125

.12

.12 ?

.125

.12

.12 z

.12

.12 z

0.12
.128
.128
.128
.129
.129
.129
.129
.129
.130
y

.128

.129

.12

.12 8

.129

.119

.119

.122

.120

.119

.119

.120

.120

.120

.120

.1.20

.121
.121
.121
.121

0.9
8

:;9

1::?
1.09
1.09
1.09
1.17
1.17
1.1
1*1i
1.18
1.18

M
1.35

1.10
1.11
1.11
1.40
1.40

k
1. 0
1. 8
1.68
1.68
1.96
1.98

::2{

;::.?

3.7
8

?::4
4.05
3.96

?
.97
.01

p~

p:

@

4:55
4.65
4.57
4.67

;:?

{$
4:$9
4.39
5.60

;:%
5993
5.91

2:$
6.47
6.45

0.960
.967
.964
.959
.971
.966
.966

:%!$
.961
.96
.94 1
.960
.965
.963
.963
.962

.964

.959
●93
.9
.9 2!

?2
.97

;:$2
1.042
1.0 9
1.0 ?!-2
1.041
1.046
1.047
1.04.4

15.04
12.99
13.05
13.01
13.03
12.91
12.91
12.93
12.90
12. 1

?12. 3
13.00
12.95
12.90
12.92
13.00
12.86

23.87
2 .99

~t
2 .0
24.1
2 .85

$2 .09
22.07
22.11
22.04
21.97
22.01
21. 9

821. 2
21.72
21.90

0.613
A;

.620

:2;;
.677
.677
.731
.727
.72

II
%3
.753
.832
.827
.844

J&O

.40 ?

.507

.511

.509

.609

:%7
.713

$$

.808

.812

%:;
28.7

r’
UI
‘=3
o
%’

29.0
31.1
31.0
31.0
~;.:

33:1
~.:

33:2
33.2
37.0
37.1
37.4

●

&= W2BC%2 , where Ec = 10,700 ksi and p = 0.3.

NATIONAL ADVISORY
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Figure l.- Cross sections of H - , Z-, and chcynel -
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Fig. 3 NACA ARR No. L5F08b
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*= kwn2 Ec twz

n 12(1-p 2, t+jz



I

NACA ARR NO. L5F08b Fig. 4

Figure 4.- Local instability of an H-section column.
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Fig. 6 NACA ARR No. L5FOElb
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Figure 6. - variation of the compressive yield

stress over the cross section of on extruded
H -section of 24 S-T aluminum alloy. (Values in ksi~
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Fig, 8 NACA ARR No. L5F08b
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Figure 8. - Variation of % and q with stress for
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NACA ARR No. L5F08b Fig. 9
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Figure !0.- Variation of a., with oC,/q for plates of

extruded 24 S-T aluminum alloy obtained from tests of
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Figure II. - Variation of Q, with acr/&~X for extruded
24 S-T aluminum - alloy H -, Z -, and channel -section
columns. mcy=30 ksi.
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Fig. 12 NACA ARR No. L5F08b
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Figure I2.- Variation of a~ax with OCr/--q for extruded

24 .S-T aluminum - alloy H -, Z‘, and channel -section

columns. OCY. 50 ksi.
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